Introduction
============

Parafalcine meningioma is a common meningioma located in the cerebral longitudinal fissure, originating from the cerebral falx, with the third highest morbidity among all the meningiomas, accounting for approximately 11%--14% deaths, ranking only second to the cerebral convexity meningioma and parasagittal meningioma (the term parasagittal meningioma applies to those tumors involving the sagittal sinus and the adjacent convexity dura and falx, only the lateral wall of the sinus may be involved or the tumor can may grow to partially or completely occlude the sinus).[@b1-ott-11-5279] Parafalcine meningiomas are usually buried deep in the cerebral parenchyma, which does not permit an adequately exposed surgical field, this coupled with the influence of the position of the central sulcus vein lead to great difficulty in terms of surgery.[@b2-ott-11-5279] A total of 126 patients with parasagittal meningioma were admitted to our hospital from January 2010 to June 2016, all of them were treated with resection along the longitudinal fissure by means of microsurgery, as reported in the following sections.

Methods
=======

Ethical approval
----------------

Because this study was a retrospective study and did not involve any experimental interventions, according to the rules of the ethics committee of Peking Union Medical College Hospital, it did not require special ethics approval. All the patients signed written informed consent forms for their medical records to be reviewed for our study.

Clinical data
-------------

### General data

Of the 126 cases, 46 were male and 80 were female; age ranged from 31 to 83 years old with an average age of 50.1 years. The course of disease lasted from 10 days to 6 years, averaging 1.8 years.

### Symptoms and vital signs

Among the 126 cases, there were 71 cases whose initial symptom was headache, 17 cases whose initial symptom was epileptic seizure, 25 cases whose initial symptom was decreased muscle force of contralateral limb, and 13 cases whose initial symptom was paresthesia. It was revealed by physical examination that there were 29 cases with visual dysfunction, 17 cases with positive pyramidal signs, and eight cases with positive result of ataxia.

### Imaging data

Among the 126 cases, there were 101 cases who received a preoperative CT plain scan of the skull which revealed that there were 55 cases that had a uniform density of parafalcine space-occupying parafalcine tumors, 29 cases that had a relatively high density tumor and 17 cases that had a non-uniform density tumor, and there were 13 cases that peritumoral edema complication; all of the 101 cases were shown, by the enhanced scan, to have enhancement of varying degrees. There were 13 cases whose maximum diameter of tumor was more than 4 cm, 80 cases ranging from 2 to 4 cm, and 33 cases less than 2 cm, averaging 2.6 cm in maximum diameter.

All of the 126 cases received an MRI contrast enhanced scan, revealing a quasi-circular or lobulated parafalcine tumor with a clear border; 71 cases were found to have a slightly low signal and 55 cases were found to have an equal signal by tumor T1 weighted image; 92 cases were found to have a high signal and 34 cases were found to have an equal signal by tumor T2 weighted image, which showed a significant enhancement after contrast enhancement.

Sixty-seven cases had an edema zone with a high T2 signal around the tumor, among them, there were 21 cases with widespread edema; 92 cases were found to have the dural tail sign. According to the MRI findings (sagittal view), the cerebral falx was divided into three parts by the lambdoidal suture and coronal suture, 42 cases' tumors were entirely located at the anterior third of cerebral falx, 122 at the middle third of cerebral falx, and 17 at the posterior third of cerebral falx; there were 25 cases whose tumors were located over both anterior and middle thirds of cerebral falx, and there were eight cases whose tumors were located over both middle and posterior thirds of cerebral falx; there were four cases with multiple meningiomas, of which the bigger one was located at the posterior third of cerebral falx and the smaller one was located at the anterior third of cerebral falx.

According to MRI findings (coronal view), the parafalcine meningiomas were divided into three types: type-I, a tumor at one side of cerebral falx without compression and displacement of cerebral falx, 71 cases had this type; type-II, a tumor at one side of cerebral falx, part of which evidently protruded to the opposite side, 34 cases had this type; type-III, a tumor which grew toward both sides of cerebral falx, 21 cases had this type.

Thirty-four cases underwent a DSA examination, and 17 cases were discovered to have significant tumor stain in the venous phase. Seventeen of these had a double blood supply through internal and external carotid artery system, 13 cases had blood supply through the external carotid artery, in whom tumor staining was evidently reduced after undergoing arterial embolization, one case's blood supply was only from an ipsilateral ophthalmic artery from the internal carotid artery system. We did not perform resonance studies for the venous phase.

Surgical methods
----------------

### Preoperative intervention

For the 21 cases who were shown (by MRI) to have significant peritumoral edema, 20 mg of dexamethasone and 250 mL of 20% mannitol, Q12h-Q8h was administered daily for 3 days prior to surgery.

### Anesthesia and position

All surgeries were performed with endotracheal intubation under general anesthesia. The 42 cases whose tumors were located at the anterior third of cerebral falx were in a horizontal position, their heads were slightly higher than the horizontal line of the body by 15°; the 55 cases whose tumors were located at the middle third or over both anterior and middle thirds of cerebral falx had their heads lifted up and their necks anteflexed, allowing the head and neck to be angled to the horizontal plane by 126°--40°; the 17 cases whose tumors were located at the posterior third of cerebral falx were in a prone position. The heads of the 71 type-I cases were slightly inclined to the opposite side of tumor by 5°--10°, allowing the surgical field to be at the highest position, which facilitates the venous return. The heads of the 34 type-II cases were inclined to the opposite side of tumor by 10°--20°. The heads of the 21 type-III cases were inclined to the side where the tumor was smaller, surgery was first performed at the side where the tumor was bigger. An adjustment could be made according to the specific location of the tumor during surgery.

### Surgical incision

The incision and approach were selected based on the location of the tumor, as shown by MRI, the incision was over-midline and horseshoe-shaped, and its size exceeded each border of the tumor by 2--3 cm.

### Microsurgery

The principle was that the approach through longitudinal fissure was chosen according to the distribution of venous return vessels shown by DSA, in order to avoid damaging the bridging vein and brain functional region. The details were as follows: 1) for those whose tumors were at the anterior or middle third of cerebral falx, the central sulcus vein was avoided when approaching through longitudinal fissure; 2) the basilar part of the tumor was fulgurated along the cerebral falx to block the blood supply; for those whose tumors were large, the tumor was first resected inside the envelope, then the periphery was resected once its volume had been reduced; 3) a cotton sponge was placed on the separation surface in order to prevent the peripheral cerebral cortex from being injured and to protect the pericallosal artery beneath. The operative blood loss of 126 cases ranged from 190 mL to 905 mL, averaging 385 mL. We did not use the ultrasonic vacuum during the wound resection.

Results
=======

Extent of resection of tumors
-----------------------------

Extent of resection of tumors was in accordance with Simpson criterion[@b3-ott-11-5279]: G1 (thoroughly resected) 13 cases; G2 (entirely resected) 105 cases; G3 (entirely resected to naked eye) four cases (the tumor tightly adhered to the central sulcus vein, incompletely separated); G4 (sub-totally resected or partly resected) four cases (multiple tumors, the smaller part of tumor at the frontal lobe was not treated in the first phase); and there were no G5 cases ([Table 1](#t1-ott-11-5279){ref-type="table"}).

Pathological results
--------------------

There were fifty-eight cases of endothelial-type (46.1%), 29 cases of fibro-type (23.0%), 14 cases of blood vessel-type (11.1%), 13 cases of sand grain-type (10.3%), nine cases of mixed type (7.1%), and three cases of atypical meningioma (2.4%). All of the 126 cases underwent immunohistochemical analysis and the results were as follows: EMV(+): 88 cases, Vimentin(+): 84 cases, S-100(+): 59 cases, CD34(+): 48 cases, P53(+): 19 cases, HMB 45(+): nine cases, and CD68(+): five cases. Ki-67 index was between \<1% and 12%, averaging 2.4%.

Complications
-------------

Eighteen patients developed hypokinesia of the contralateral limbs after surgery, which resolved after treatment. Although the patients were administered sodium valproate for conventional prevention of seizures after surgery, 12 patients still had an epileptic seizure, which resolved after medication. Five cases developed a postoperative secondary tumor cavity-hematoma, which was resolved by hematoma clearance. Four cases developed acute pancreatitis on day 2 after surgery, which was resolved by conservative therapy.

Discussion
==========

There are often no typical symptoms in the early stage of parafalcine meningiomas, and the tumor size is usually quite large by the time it is diagnosed. Maximizing the removal of tumors and reducing the incidence of surgical complications and tumor recurrence rates have always been the goal for neurosurgeons. With the advancement of modern examination techniques and the development of neurosurgical microscopy, the safety and effectiveness of surgical treatments of parafalcine meningiomas have been significantly improved. In recent years, articles on analyses of meningioma surgical techniques have been increasing year by year ([Figure 1](#f1-ott-11-5279){ref-type="fig"}). The origins of these studies are mainly concentrated in East Asia, Europe, and North America ([Figure 2](#f2-ott-11-5279){ref-type="fig"}).

Design of skin flap and bone flap
---------------------------------

Out of 126 meningioma cases, the 21 cases with posterior third type were placed in a prone position and surgery was performed using a horseshoe-shaped incision striding over the midline; the remaining anterior and middle third type cases underwent surgery using a horseshoe-shaped incision inside the hairline. Skin flap: the size of skin flap was determined based on the depth of tumor, generally, the skin flap should exceed each border of tumor by 2 cm. The skin flap should be bigger if the tumor is close to the cingulate gyrus in order to avoid traction injury of bridging vein and central sulcus vein when revealing the tumor. Bone flap: its size should exceed the border of tumor by 2 cm, and its medial border should exceed the lateral border of the sagittal sinus, the position of the bridging vein in the surgical field should be determined first when the dura mater is opened and compared with the preoperative DSA in order to determine the surgical approach. The position, shape, and distribution of the central sulcus vein are determined based on the results of MRI and DSA.[@b4-ott-11-5279]

Tumor resection
---------------

The sagittal sinus should be well-protected when the tumor is revealed to prevent it from rupturing. A small rupture of the sagittal sinus should be repaired by using hemostatic gauze and adhesion of gelatin sponge plus biogel; as for a larger rupture, it should be fixed by suspended compression. When the tumor is small, as was the case in 34 patients in this group whose tumors' maximum diameter was less than 2 cm, the part of the tumor that is adhered to the cerebral falx should be separated and its basilar part should be fulgurated first, then the peritumoral part should be separated; meanwhile the pericallosal artery, possibly located at the deep layer of the tumor, should be carefully protected. In the case of a large tumor and wide basilar part, the envelope should be cut open first if the blood supply is not rich, then the tumor should be emptied by tumor-fetching pincer and ultrasound knife, its basilar part should be fulgurated, followed by a piecemeal resection of collapsed cyst wall once its volume had been reduced.

Out of the 13 cases whose tumors' maximum diameter was greater than 4 cm, eight cases had an extremely rich blood supply, as a result, the adhesion was separated to block the blood supply first, then a piecemeal resection was performed inside the cyst, with a satisfactory effect. The fulguration of tumor base, intra-envelope resection of tumor, and other procedures were conducted alternatively, while avoiding damage to the peripheral brain tissues, as much as possible. Oyama et al believe that the postoperative recurrence rate could be reduced by resection of meningioma with a wide base along with cerebral falx or by fulguration of the adhered part.[@b2-ott-11-5279] As for the type-II and III meningioma, the side where the tumor focus is bigger should be resected first, then the part adhered to the cerebral falx should be cut open, the contralateral part can be resected through the coloboma hole of cerebral falx due to resection.[@b5-ott-11-5279] If there are large tumors at both sides, Yu et al believe that the cerebral dura mater should be cut open along both sides and flipped toward the midline, then resected respectively, followed by a circular resection of the cerebral falx, finally.[@b6-ott-11-5279] There were no cases of meningiomas of identical size at both sides in our study. Of note, during falcine meningioma surgery, attention should be paid to cardiac monitoring due to the risk that handling of the falx could provoke cardiac arrest. As for our study, there were no cases characterized by this occurrence.

Handling of feeding artery
--------------------------

Parafalcine meningiomas receive blood supply from both the internal and external carotid artery; with an abundant blood supply, the key to successful surgery is to reduce hemorrhage.[@b7-ott-11-5279] We believe that: 1) preoperative DSA should be performed to determine the origin of arterial supply and situation of blood supply of tumor, and compression of pericallosal artery should be performed, simultaneously, the supplying artery should be embolized to facilitate the reduction of intraoperative hemorrhage and improve surgical safety and thorough removal, the surgery may be performed within 3--7 days after embolization;[@b8-ott-11-5279] 2) it is crucial to ensure the surgical field is kept at the highest position to facilitate the venous return and reduction of intracranial pressure; 3) before the dura mater is cut open, a fast intravenous drip of 250 mL of 20% mannitol should be administered, if the intracranial pressure has not improved significantly, proper hyperventilation should be used; 4) the cerebral dura mater should be separated carefully by stripper when the bone flap is turned over, the rupture of dura mater should be avoided; the sagittal sinus margin should be approached adequately while the sagittal sinus should be protected in order to avoid hemorrhage when the cerebral dura mater is being cut open near the midline; 5) as for the supplying vessel of the tumor, the principle that the artery should be treated first and then the vein should be blocked, should be followed according to the arterial distribution shown by DSA, otherwise, the patient is at a risk of fast congestion and expansion of tumor and then massive hemorrhage. One hundred and twenty-six patients with parafalcine meningiomas in this group were treated with the previously mentioned measures, with an average blood loss of only 410 mL. Of note, the role of preoperative embolization in meningioma management remains controversial. It has been shown to offer benefits such as decreased blood loss and "softening of the tumor" during subsequent resection. However, the actual benefits remain unclear. Further randomized trials with large sample sizes are needed.

Protection of central sulcus vein
---------------------------------

If the central sulcus vein is injured, the patient usually develops severe contralateral limb paralysis after surgery.

Among the 126 cases, there were no central sulcus vein injuries. There were four patients whose tumor tissue was tightly adhered to the central sulcus vein and very difficult to separate, consequently, the tumor tissues around the vein were resected in a piecemeal manner and properly fulgurated, finally, a thin slice of tumor was left, normal saline was injected continuously during the surgery to reduce the temperature, and the cotton slice was used for protection.

The central sulcus vein may be injured and bleeding due to collapse and separation after tumor removal, therefore, electrocoagulation should not be conducted at that time, a gelatin sponge pad should be used for compression, in order to prevent thromboembolism, the traction of cerebral tissues should be avoided as much as possible when the tumor is revealed, so as to protect the bridging vein's drainage toward the sagittal sinus; the surgical approach is evidently blocked a proper fulguration should be done to the bridging vein in the non-functional region.

Treatment of affected sagittal sinus
------------------------------------

The treatment of affected sagittal sinus is a difficult point in surgery, and there are many controversies regarding this. The authors' experience in this regard follows: 1) for the tumors that only invade the sagittal sinus wall and not the sagittal sinus, after resection of the whole tumor, we would use a low-power electric coagulation knife to fulgurate the sagittal antral wall and cerebral falx that adhered to the tumor several times, which can prevent tumor recurrence for a long time. It should be noted that when the sagittal sinus is repeatedly fulgurated, cold normal saline should be used to reduce the temperature, so as to avoid possible sagittal sinus thrombosis. 2) For tumors that invade the sagittal sinus and even those that result in the sagittal sinus being partially occluded, if it is located in the anterior third, we would ligate and resect the affected sagittal sinus and cerebral falx, which will not cause adverse consequences; if the tumor is located in the middle or anterior third of the sagittal sinus, we would totally resect the tumor, then use a low-power electric coagulation knife to fulgurate the sagittal antral wall adhered to the tumor repeatedly, and perform radiotherapy or gamma knife treatment postoperatively. If the tumor then gradually increases and slowly occludes the sagittal sinus, and good collateral circulation has been established, we would perform phase II surgery in order to completely remove the tumor. 3) For patients with complete sagittal sinus occlusion, after confirming that collateral circulation is satisfactory, we would excise the segment without considering reconstruction, regardless of which resection is occluded.

Possible causes of recurrence and its treatment
-----------------------------------------------

With parafalcine meningiomas, the tumor can grow back if the residue of it is left at the primary site after surgery. One reason is that the tumor is deeply buried under the cerebral hemisphere cortex, which does not permit an adequately exposed surgical field, so it is very difficult to achieve a radical resection, which in turn leads to recurrence of the tumor from the base; the other reason is that the meningioma itself is characterized by invasiveness and polycentric growth and other biological characteristics, particularly for the anaplastic, atypical, and malignant meningioma, some oncocytes so there may be some tumor residual near the primary focus.[@b9-ott-11-5279] The first choice of treatment for recurrence of meningioma is still surgery, postoperative therapy could be aided by radiotherapy, eg, gamma knife and X knife.[@b10-ott-11-5279]
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###### 

The extent of resection of the parafalcine meningiomas

  Resection grade   Simpson criterion                                                                                                                                             Case number
  ----------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------
  I                 Macroscopically complete removal of tumor, with excision of its dural attachment, and of any abnormal bone. Includes resection of venous sinus if involved.   13
  II                Macroscopically complete removal of tumor and its visible extensions with coagulation of its dural attachment.                                                105
  III               Macroscopically complete removal of the intradural tumor, without resection or coagulation of its dural attachment or its extradural extensions.              4
  IV                Partial removal, leaving intradural tumor in situ.                                                                                                            4
  V                 Simple decompression, with or without biopsy.                                                                                                                 0
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